We develop a framework to investigate the impact of the financial crisis starting in 2007 and employ an extended GARCH model to test for spillover and contagion effects originating from the financial sector. We find that the financial crisis affected financially distressed firms more heavily than undistressed firms and that financial constraints did not play an equally crucial role during the crisis. Overall, the analysis shows that the financial sector affected the returns of nonfinancial firms during the crisis. We find little evidence that the turbulence in the financial sector expressed in terms of volatility fully encroached upon nonfinancial firms. We develop a framework to investigate the impact of the financial crisis starting in 2007 and employ an extended GARCH model to test for spillover and contagion effects originating from the financial sector. We find that the financial crisis affected financially distressed firms more heavily than undistressed firms and that financial constraints did not play an equally crucial role during the crisis.
Introduction
An increasing body of literature investigates the causes and consequences of the financial crisis triggered by the subprime-mortgage collapse starting around August 2007. A sharp recession followed in a majority of mature industrialized economies, the worst contraction since the Great Depression for many countries. While the deep recession in itself provides evidence that the financial crisis encroached upon the real economy, we do not have a clear understanding of how such spillovers happen and, in particular, who is affected. In the following work, we provide evidence mostly on the latter issue.
The question posed leads us to take a macroeconomic perspective of the financial crisis.
Building on the Schumpeterian idea of creative destruction (Schumpeter, 1939) and basic microeconomic theory on competitive markets, recessions provide an opportunity to drive weak and obsolete firms out of business. Taking that line of argumentation, a recession should affect businesses already in distress prior to that recession. We identify financially weak businesses by measuring the firms' degree of financial distress of nonfinancial firms with Altman's Z-score (Altman, 1968) . If the financial turmoil adversely affects financially distressed firms, as could certainly be expected, the subsequent cathartic process of the economy is conducive to future growth and development.
A different scenario unfolds when the crisis negatively affects principally healthy firms. Our measurement in that context will be financial constraint, and we draw on a whole body of existing literature on the topic (e.g., Whited and Wu, 2006; Lamont et al., 2001) to identify an appropriate measure of financial constraint. Financially constrained firms might need to reduce investment further (Duchin et al., 2010) when financing dries up. If such effects dominate, potential economic output is essentially lost without any future positive effects. Modigliani and Miller (1958) show in their seminal work that a firm can choose its financing channel arbitrarily, without any effects on profitability and investment. Their work provides a purely theoretical model that assumes that no market frictions prevent access to capital.
However, both the theoretical and empirical literature identifies such frictions (e.g., Fazzari, et al., 1988) and shows that access to capital does influence investment decisions and the resultant level of investment. Whether financial constraints affect performance negatively, is, on the other hand, not a priori clear. The lower capacity to overinvest prior to the crisis can be positive for more constrained firms. 4 The following empirical work builds on two essential assumptions that have been partly taken for granted in much of the precrisis literature. First, we assume some form of efficient markets, in the sense that newly arriving information is immediately incorporated into stock market prices. Second, we assume that Modigliani and Miller's (1958) assumptions do not hold and firms face differing financial constraints.
The proposed framework is suitable to investigate two main questions. First, did the financial crisis affect nonfinancial firms or was the development, rather, a self-contained event?
Second, are there any differences with respect to the financial distress and constraint of firms?
The first question helps to evaluate the overall impact of the financial crisis on the real economy and helps policymakers understand how to design potential countermeasures. The second question helps to gain insight into which resources are affected and how the financial crisis spills over to the real economy. In addition, the analysis allows us to draw implications for portfolio choices in terms of risk during crisis periods.
We implement the analysis by preclassifying firms into different groups according to financial constraint and financial distress, constructing portfolios, and performing the spillover and contagion analysis. The main empirical model follows Baur (2003) in using an extended asymmetric GARCH model and investigates spillover and contagion effects originating from the financial sector. We model the first and second moments simultaneously. The model draws a careful distinction between spillover and contagion effects, the former describing a more permanent codependence and the latter singling out a change in correlation during a crisis period.
The contribution of the paper to the literature is twofold. First, we propose a novel framework to investigate the impact of the financial crisis. Second, drawing on the empirical analysis, we provide insight on the impact of the financial crisis starting in 2007. We find that the financial sector affects financially distressed firms more strongly during the financial crisis, while we do not find the same evidence for financially constrained firms. In addition, the financial sector affects firms with comparatively high long-term debts more heavily during the crisis.
We provide evidence that the financial sector affects nonfinancial firms' returns during the financial crisis, but has very limited impact on conditional volatility. The work of Fazzari et al. (1988) tackles the problem using investment-cash-flow sensitivities. They show that financial constraints do matter for investment decisions and further argue that they contribute to macro fluctuations of investment. Building on the work of Kaplan and Zingales (1997) , Lamont et al. (2001) propose what is commonly referred to as the KZ index. They estimate ordered logit models to determine which balance sheet items optimally predict financial constraints. Although the KZ index has been a popular measure of financial constraint, recent literature casts certain doubts on the validity of the index. Whited and Wu (2006) and Hadlock and Pierce (2009) provide evidence of weaknesses of the KZ index and both propose alternative measures. Rajan and Zingales (1998) construct a simple ratio for the dependence on external finance on a sector level, which measures a different but related phenomenon. In their work, they take the ratio of capital expenditure minus cash flow to cash flow and compare the individual dependencies to the median sector level to determine demand for external financing. Whited and Wu (2006) develop their WW index optimizing the present discounted value of future dividends (Tong and Wei, 2008) and incorporating inequality constraints with respect to dividend payouts and the stock of debt in every period. Parameterizing the model and estimating it with Generalized Methods of Moments (GMM), they identify the best fit for predicting financial constraints. A potential drawback of the WW index is that some variables used to determine financial constraints face endogeneity issues. In particular, the dividend dummy, cash flow, and debt levels are partly determined by the firm's degree of financial constraints. Hadlock and Pierce (2009) carefully read financial filings of a sample of U.S. firms to preclassify firms in five categories of constraints. Essentially replicating the analysis of Lamont et al. (2001) , they find age, size, cash flow, and leverage to be the only significant predictors of financial distress. To avoid endogeneity issues, they propose an index, the SA index, which focuses solely on age and size. The WW index correlates closely with the SA index: Hadlock and Pierce (2009) report a simple correlation coefficient of 0.8 in their underlying sample.
For this paper, the WW index offers two advantages: First, the theoretical underpinning of the model is, in general, more solid, whereas the SA index is a product of mainly empirical analysis. Second, the WW index offers more time variability, with the SA index varying less over time. In addition, since we build portfolios prior to downturns, we can, with a long enough lag, reasonably assume that endogeneity is not a serious issue.
Financial distress
Predicting firms' financial distress is not only of interest for academics. It is an essential part of a multibillion dollar private industry. As a result, private sector firms have developed extensive methodology to assess financial distress. Surveying the literature on predicting financial distress more comprehensively is beyond the scope of this work and we provide only a short selection of relevant references. Altman (1968) assesses a firm's probability of defaulting on its liabilities using ratio analysis of accounting-based balance-sheet data. Ohlsson (1980) proposes a similar indicator derived from a conditional logit model also employing accounting-based measures. We discuss a revision of Altman's approach in greater detail in section 3. In his seminal contribution, Merton (1974) proposes an alternative approach by describing a firm's equity as a call option on the value of its assets. Current equity prices help to determine the probability of default, incorporating market evaluations in the financial-distress assessment. Subsequent research attempts to improve on the accuracy of both accounting and market-based measures or partly combines them (Campbell, Hilscher, and Szilagyi, 2008) .
Empirical modeling
Different approaches exist to investigate contagion and spillover effects of various markets. Dungey et al. (2004) give a comprehensive overview of available approaches and this section refers to some of the literature outlined in their work. Researchers make a number of crucial choices when performing an analysis of spillover and contagion effects. The following section provides a selection of prior research relevant for the empirical investigations in this essay and clarifies certain terminological issues that are not consistent across the literature.
Regardless of whether one is investigating the first or the second moment of market movements, precisely defining the terms spillover and contagion is crucial. Forbes and Rigobon (2002, p. 2223 ) define contagion as "a significant increase in cross-market linkages after a shock." This definition allows a distinction to be made between spillover and contagion effects. Common factors that are present in both noncrisis and crisis times cause interdependences of markets and lead to spillover effects. Simple correlation coefficients can express such spillovers. The isolated effect of the crisis, possibly originating in one market, leads to contagion that is potentially different from regular spillover. An intuitive way to express contagion is as an increase in correlation between markets. This notion of spillover and contagion serves as the definition applied in this paper.
Directly using correlation measurements can be problematic and Forbes and Rigobon (2002) show that estimates of market cross-correlations are biased in the case of heteroskedastic error terms. Typically, increasing volatility characterizes crisis periods and in that case crosscorrelation estimates are upwardly biased. Consequently, if we test for a significant difference between crisis and noncrisis periods, we tend to falsely conclude that contagion occurs. In that context, Dungey and Zhumabekova (2001) demonstrate that the correlation coefficient is inappropriate if the crisis period is small in comparison to the noncrisis period. Although a model could adjust for the bias, Baur (2003, p. 410) argues that the correlation coefficient is not suitable for measuring contagion effects as it is a symmetric measure, whereas contagion originates in one market and is thus an asymmetrical phenomenon. Consequently, Baur proposes a modeling approach that incorporates the shocks directly.
An essential consideration is whether to determine the crisis periods exogenously or to implement the model in a way that determines them endogenously. In this paper, the crisis periods are explicitly determined a priori and established exogenously. Favero and Giavazzi (2002) apply a method allowing the determination of the crisis from the magnitude of shocks.
They define a crisis period as a point in time where shocks exceed a certain size that depends on the size of the shocks relative to the conditional variance. They initially estimate a vector autoregression (VAR) model to obtain residuals and control for interdependences. This method is suitable for investigating contagion effects between markets in general, but will most certainly not allow us to obtain a connected crisis period, as not all shocks will be big enough to trigger a crisis determination during an uninterrupted period.
Other researchers investigate contagion by defining a certain threshold return as a crisis indicator and apply a probit/logit approach to identify contagion effects by the overlapping of returns exceeding the threshold return. Baur and Schulze (2005) and Bae et al. (2003) propose such approaches with some various features. This again has the advantage of determining the crisis periods endogenously after establishing certain criteria, but is not a good fit for the analyzed question. Edwards and Susmel (2000) investigate weekly interest rates in three South American countries, aiming to demonstrate volatility contagion. They apply a regimeswitching SWARCH model that allows them to determine breakpoints endogenously. They can identify periods of contagion lasting between two and seven weeks.
Investigating volatility contagion in three financial crises, Jaque (2004) This essay will partly adapt this concept and combine it with Baur's (2003) approach.
Data and empirical approaches
An essential part of the analysis consists of modeling financial constraint and distress. As described earlier, the literature suggests several indicators to measure financial constraint. We employ the rather novel measure for financial constraint set forth in Whited and Wu (2006) . 
Here is the ratio of cash flow to total assets, represents an indicator that is one if a firm pays cash dividends and zero otherwise, is the ratio of long-term debt to total assets, is the natural log of total assets, is the firm's three-digit-industry sales growth, and is the firm's sales growth.
We use Altman's (1968) Z-score to determine financial distress. The measure derives from a multiple-discriminant analysis (MDA) and allows for a priori grouping of firms as distressed and undistressed. A number of sophisticated, partly proprietary models to predict the risk of default exist. While they are certainly useful and probably more accurate to predict exact default probabilities, Z-scores give sufficient information for our purposes. Altman (2000) reexamines Z-scores and shows that they still work well as a predictor for default.
Altman's Z-score is calculated as 
Here is the ratio of working capital to total assets, represents the ratio of retained earnings to total assets, stands for the ratio of earnings before interest and taxes to total assets, represents the ratio of the market value equity to the book value of total liabilities, and stands for the ratio of sales to total assets.
The model for analyzing contagion and spillover effects follows Baur (2003) and maintains the idea of distinguishing between noncrisis (spillover) and crisis (contagion). We model the first-moment spillover and contagion effects as
Equation (3) highlights the main idea of the empirical model. N, stands for the return of a portfolio comprising nonfinancial firms, 0 is the intercept, F, represents the return of the financial sector, Crisis is a dummy variable for the crisis period, and N, denotes the error term. Note that 1 illustrates spillover effects, whereas 2 shows contagion effects. As a suitable index excluding financial firms is not available, we construct the variable M-F, to remove the financial sector effect from the market index. We take the average of the financial sector weight at the beginning and the end of a year to approximate the weight of the whole year and subtract the weighted financial sector returns from the market returns.
We model the second moment according to the following basic scenario.
where , is normally distributed with mean zero and variance one and , is the conditional volatility of , calculated as To specifically investigate the financial crisis, we need to determine the exact crisis period and the business year to use for grouping firms. The first signs of the financial crisis emerged in 2007 and, to avoid potential endogeneity problems, we take the balance-sheet data from 2006 for determining a firm's financial distress and constraint according to equations (1) and (2), respectively. The sample of daily stock market prices starts with January 2, 1990, and the last observation is from August 4, 2010.
As we define the crisis period exogenously, determining the exact crisis period is essential to the empirical approach. Our notion of crisis is mainly connected with a bear market and increased volatility in the financial sector. Determining the beginning of a crisis is usually easier as triggering events are often directly observable. The triggering event of the financial crisis was the subprime mortgage collapse in the U.S. market. Reinhart and Rogoff (2008) Figure 1 illustrates the choice of our crisis period and shows that the index was establishing an upward trend following the low, indicating increasing market confidence and signaling an end to the financial crisis.
[ INSERT FIGURE 1 HERE] 4 Empirical results
Descriptive analysis
We initially present the results of grouping firms according to their degree of financial distress and constraints to foster some intuition for the spillover-contagion analysis.
Panel A of Figure 2 shows the evolution of the average Altman's Z-scores at a 25% cut-off level for distressed and undistressed firms. Altman (1968) classifies firms with a Z-score below 1.8 as distressed, whereas the area between 1.81 and 2.99 includes both distressed and [
INSERT FIGURE 2 HERE]
Panel B of Figure 2 shows the average development of financial constraints at a 25% cut-off level for constrained and unconstrained firms. In tendency, all firms appear to face decreasing difficulties in securing financing during the entire period. However, the size factor (log of total assets, see Figure 3 ) strongly dominates the index and is increasing over the entire sample period, thus decreasing the absolute value of the index. Therefore, real asset growth over the sample period contributes to the perceived decrease in financial constraint.
[ 
Spillover and contagion analysis
Taking the 25% least and 25% most distressed firms, we form equally weighted portfolios, as the size effect should not dominate the analysis. We proceed accordingly with portfolios ranked by the WW index. We apply the model described in equations (3)-(5) using the obtained portfolios. The following analysis focuses on the contagion and spillover parameters but reports the estimates of all parameters for completeness. Mean spillover effects are significantly positive for both the distressed and the undistressed portfolio and larger for the former. A significantly positive mean contagion effect for the distressed portfolio, which is, in addition, relatively large in size, demonstrates that the crisis affects financially distressed firms more heavily. Conversely, contagion for the undistressed portfolio is even negative, albeit only statistically significant at the 5% level. The resultant total effect during the crisis is substantially larger for the distressed portfolio.
Volatility spillovers are only significant at the 5% level for the distressed portfolio, but comparatively small in size. Volatility contagion is not statistically significant for any of the portfolios. For the undistressed and unconstrained portfolios, financial-sector volatility does not play any significant role in either period. Thus, overall evidence of volatility contagion and spillover effects during the financial crisis is very limited.
[ INSERT TABLE 2 HERE] 4.3 Further analysis and robustness checks So far, the results are not very conclusive using our indicator for financial constraint. As previously argued, conflicting effects of financial constraint on performance or the difficulty of measuring and defining financial constraint could explain these results. We take the variables featured most prominently in the WW index (CF, DIVPOS, TLTD, LNTA) to construct portfolios sorting firms according to just one criterion. As size strongly dominates the WW index, we additionally build a portfolio using all variables of the original indicator except for the log of total assets (LNTA). The results are reported in Table 3 , and we focus on analyzing mean spillover and contagion, as volatility effects again show little economic and statistical significance.
As expected, the financial crisis affects firms with higher cash flow ratios less and noncrisis spillovers are less pronounced. Spillover and contagion effects are smaller for firms paying no dividends as compared to dividend-yielding firms. Both theoretical arguments and most empirical findings agree with this result. Using Modigliani and Miller's (1958) fundamental results, the proportion of paid cash dividends should not matter for investor returns. Lettau and Wachter (2007) show that dividend yields are not a good predictor of excess returns.
The strongest results derive from sorting firms according to their long-term debt holdings.
Firms with higher long-term debt are much more affected in both the noncrisis and the crisis period. This finding supports the notion that markets price the expected increase in financing costs. Size itself, which strongly dominates our measure of financial constraint, does show that firms with comparatively low assets are more affected during the crisis. The effects are, however, less economically significant compared to discriminating according to long-term debt levels. Leaving out the size effect of the original WW index shows again the difficulty of making definite conclusions concerning constrained and unconstrained firms.
[ INSERT TABLE 3 HERE] Although efficient markets should take care to incorporate any new information immediately, evidence of investor inattention suggests market participants might take longer to process freely available but complex information (e.g., Huberman and Regev, 2001; DellaVigna and Pollet, 2009; Gilbert et al., 2011) . While including lags in the empirical model can solve this issue, determining how much time it would take and how many lags to include is not straightforward. Thus, we perform the same exercise as before, using weekly data to allow for slower information transmission. The results, reported in Table 4 , are overall very similar, albeit generally less statistically significant, which is probably due to the smaller sample size.
This exercise confirms that slow information processing does not drive our results.
[
INSERT TABLE 4 HERE]
As an additional robustness test, we replace the volatility proxy by estimating a separate standard asymmetric GARCH(1,1) model for the return of the financial sector. The obtained results are numerically different but not statistically more significant and confirm the results for mean contagion and spillover effects. Similar to our basic scenario, we do not find convincing evidence for volatility spillover and contagion.
In a supplementary exercise, we perform regressions for all individual firms according to the model outlined in equations (3)-(5). We thus obtain close to 400 single estimation results for individual firms. Preclassifying firms according to financial constraint and distress could give further insight for our analysis. The obtained results do not in any way contradict our previous analysis, but they are hard to present in a comprehensive way, and making tangible inference on such analysis is difficult. Therefore, we refrain from presenting the results in the paper, but they are available upon request.
We previously explained the difficulty of determining the exact end of the financial crisis. are not tabulated due to space constraints and are also available on request, are very similar and in tendency more statistically significant for the first moment. The greater significance is partly due to the fact that a longer crisis period increases statistical significance, everything else being equal. The second-moment results are very similar to those using our base crisis period and confirm that evidence of volatility spillover and contagion effects is minimal.
Conclusions
The analysis finds only partial evidence concerning our hypothesis of contagion resulting from the financial sector. Contagion for the returns of nonfinancial firms during the financial crisis is significantly positive for the portfolio of distressed firms. Thus, the worsening conditions to finance operations suggest additional reevaluations of nonfinancial assets expressed via mean contagion effects. The results are less convincing when analyzing volatility spillover and contagion effects. The turbulence of the financial sector did not increase volatility, as evidence of volatility spillover and contagion effects originating from the financial sector is very limited.
With regard to our second question, we find conclusive evidence that financial distress plays an important role in the analyzed framework. Considering our initiating macroeconomic perspective, this finding suggests that a partially beneficial, cathartic process occurred during the financial crisis to rid the economy of noncompetitive businesses. Results show that the financial sector did not affect financially constrained firms more strongly than unconstrained firms. We explain the empirical findings with our initial theoretical considerations that a lack of available financing can reduce profitable investment on the one hand, but the lack of prior overinvestment can have a positive effect on the other hand. Looking more closely into financial-constraint-related indicators, we find that long-term debt levels play an important role. The financial crisis affects firms with higher long-term debt levels substantially more than firms with low long-term debt levels. For investors, our findings confirm the additional exposure to the financial sector of more distressed and indebted firms during the financial crisis.
Overall, the effect of the financial crisis becomes clearly visible, but the evidence that it fully encroaches upon nonfinancial firms is not convincing. We apply the proposed framework to comparatively large Standard & Poor's 500 firms, which are naturally more capable of insulating themselves from a financial meltdown. Further research could extend the analysis to a broader sample including smaller firms. 
Decomposition of Z-scores and the WW index
The average contribution in percentage to Z-scores and the WW index. The averages are calculated for the whole sample according to equations (1) and (2) Table 2 Spillover and contagion with the base model Estimation of the models described in equations (3)- (5). Portfolios are formed using daily stock-price data and equally weighting the 25% least and most constrained or distressed firms according to equations (1) and (2), respectively. Standard errors are computed using heteroskedasticity-consistent standard errors according to Bollerslev and Wooldridge (1992) . Table 3 Forming portfolios according to selected criteria Estimation of the models described in equations (3)-(5) using daily data. The first four indicators correspond to sorting firms according to CF, DIVPOS, TLTD, LNTA in equation (1) and the last two columns apply portfolios sorted according to the WW index without the size effect (LNTA). Portfolios are formed by equally weighting firms in the lower and the upper quartiles, respectively. The standard errors are computed using heteroskedasticity-consistent standard errors according to Bollerslev and Wooldridge (1992) . Table 4 Forming portfolios according to selected criteria, weekly returns 
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Does the financial crisis affect distressed or constrained firms more heavily?
